on behalf of the TEST study investigators Background: Furosemide is the only loop diuretic recommended by the ACVIM consensus guidelines for treatment of congestive heart failure (CHF) in dogs related to degenerative mitral valve disease (DMVD). Torasemide is another potent loop diuretic with a longer half-life and a higher bioavailability.
H eart failure (HF) is a complex clinical syndrome resulting from structural or functional impairment of ventricular filling or blood ejection of various origins. 1, 2 In both humans and dogs, a large majority of patients with HF exhibit clinical signs related to fluid retention (e.g, ascites, dyspnea, cough, and exercise intolerance resulting from pulmonary edema and pleural effusion), a condition referred to under the generic term "congestive HF" (CHF). [1] [2] [3] In human and veterinary cardiology, diuretics are considered as one of the cornerstones in the management of acute and chronic CHF regardless of the underlying cause. [1] [2] [3] [4] [5] [6] [7] [8] Loop diuretics are potent diuretic agents acting on the Na + :K + :2Cl À cotransporter of the thick ascending loop of Henle; they are thus usually prescribed as first-line treatment in both small animals and humans to reduce intravascular fluid volume and so decrease preload venous/capillary pressures and relieve clinical signs of volume overload. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Degenerative mitral valve disease (DMVD) is the most common heart disease in the dog, representing the most frequent cause of CHF in small-breed dogs. 3, [13] [14] [15] [16] [17] According to the American College of Veterinary Internal Medicine (ACVIM) consensus statement guidelines for the diagnosis and treatment of canine DMVD, furosemide is the loop diuretic recommended for treatment of dogs with DMVD with a history of or ongoing clinical signs of CHF. 3 Furosemide has a bioavailability of 77% and a half-life of 1-2 hours in the dog. 9 It causes a dose-dependent increase in natriuresis that usually disappears 6 hours after oral administration, requiring at least 2 administrations per day for a sustained diuretic effect. [18] [19] [20] Additionally, resistance to furosemide might occur, requiring progressive increase in dose to maintain the same level of diuresis. 3, 19 Torasemide is a more recently developed loop diuretic [21] [22] [23] [24] [25] [26] [27] [28] with more potent and long-lasting diuretic activity than furosemide. 18, 19, [29] [30] [31] [32] Torasemide is characterized by a longer half-life (8 hours) and duration of action (12 hours), and a higher bioavailability (80-100%) than furosemide. 18, 19, 32 Moreover, beyond its pure diuretic effect, torasemide has several beneficial actions that have been demonstrated in humans, animal models, and in vitro models. These include vasodilating properties 33, 34 as well as improvement of cardiac function and reduction of cardiac remodeling related, at least in part, to an antialdosterone effect. [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] The TOrasemide In Congestive Heart Failure (TORIC) study demonstrated that torasemide had a more beneficial effect than furosemide and other diuretics on the mortality and morbidity of human patients suffering from chronic CHF. 26 Limited data are currently available regarding the use of torasemide in veterinary cardiology, although some reports suggest its potential benefit in canine CHF. [47] [48] [49] The aims of this study were therefore to evaluate the short-Term Efficacy and Safety of Torasemide compared to furosemide (TEST study) in dogs with CHF related to DMVD, with the hypothesis that torasemide given once a day (q24h) would be noninferior to furosemide given twice a day (q12h). For this purpose, the primary efficacy criterion was based on a composite clinical score. A composite cardiac endpoint (spontaneous cardiac death, euthanasia for HF, and CHF class worsening) was assessed as a secondary endpoint.
Materials and Methods
The clinical trial process (conception, monitoring, data management, analyses, and reporting) was conducted according to Good Clinical Practice and European Medicines Agency (EMA) requirements. 50, 51 In accordance with the EMA, 2 consecutive prospective, randomized, single-blinded, and positive-controlled clinical trials were designed. Given the absence of data regarding the optimal torasemide dosage in dogs with naturally occurring CHF at the time of the study design, a first study was planned with the intent to conduct a second one based on the first study's outcome. The first 3-month study (Study 1) enrolled dogs from 33 veterinary practices in France (23) , Spain (6) , and Germany (4) between 2010 and 2011. Analysis of the results of Study 1 led to the second 3-month study (Study 2), with a similar protocol design, but for which the dosing range and dosage change increment were slightly adjusted as described below. Study 2 recruited a new cohort of adult dogs, with similar conditions to Study 1, from 41 veterinary practices in France (27) , Spain (8) , and Germany (6) between 2012 and 2013. Both study protocols were approved by national authorities (i.e, Agence Nationale du M edicament V et erinaire for France, Nieders€ achsischen Landesamtes f€ ur Verbraucherschutz und Lebensmittelsicherheit for Germany, and Agencia Española de Medicamentos y Productos Sanitarios for Spain).
All veterinarians included in the trial were experienced in the use of echocardiography. Both Study 1 and Study 2 were closely monitored by local study monitors (DVM, 1 for each country), who verified the inclusion criteria for all cases on site. The cases were then further verified by the clinical trial manager (SR) at a central location. A final medical review of all clinical, radiographic, and echocardiographic data was blindly performed by 2 board-certified clinicians (VC, ECVIM-CA cardiology, and JM, ACVECC).
Enrollment Criteria
Inclusion Criteria Dogs of all breeds and both sexes, weighing ≥3 kg, were eligible for inclusion if they presented with current or previous episode of mild-to-severe CHF secondary to DMVD, if outpatient treatment was indicated, and if owners had given informed consent in their native language. Owners had the option to withdraw their dog from the study at any time. The diagnosis of DMVD was based on the following criteria: (1) left systolic apical heart murmur first detected after 1 year of age and (2) echocardiographic signs of DMVD at inclusion, including typical valvular lesions (irregular and thickened mitral valve leaflets, valve prolapse) associated with mitral valve regurgitation using color-flow and continuous-wave Doppler modes. 52 The left atrium-to-aorta (LA:Ao) ratio was also assessed using the two-dimensional method described by Hansson et al. 53 from the right parasternal short-axis view. Left-sided CHF was defined as presence of pulmonary edema as assessed by clinical signs (e.g, tachypnea, dyspnea, or both) and thoracic radiographs, due to severe mitral valve regurgitation, as confirmed by echocardiographic evidence of moderate to severe LA enlargement (LA:Ao greater than 1.5). 54 As both protocol designs were conceived in 2008, before the publication of the ACVIM consensus guidelines for diagnosis and treatment of canine DMVD, 3 the modified New York Heart Association (NYHA) classification was used for both trials (Table 1) . 55 Noninclusion Criteria Dogs were not included if they were suffering from other acquired heart disease, congenital heart disease, acute renal failure, acute CHF requiring emergency treatment with injectable drugs, or any other concurrent disease with clinical signs or treatments that could interfere with the monitoring of cardiac condition. In addition, dogs with abnormal serum sodium, potassium, or both out of the reference ranges (142-160 mmol/L and 3.90-5.60 mmol/ L, respectively), known hypersensitivity to sulfonamides, pregnant or lactating, or had a planned surgery within 3 months were excluded. Finally, dogs that had received long-acting corticosteroids within the prior month or spironolactone in the prior 24 hours were not included. Dogs receiving spironolactone could be included if treatment was stopped 24 hours before trial entry.
Postinclusion Removal All dogs that developed a concurrent disease during the study period, which could interfere with the study parameters, as well as all dogs that required or received a nonauthorized treatment (cf. Clinical signs of congestive heart failure during mild physical activity IV Clinical signs of congestive heart failure present when resting below), were withdrawn from the study. Dogs were also withdrawn from the study if they were affected by a clinically important systemic or organ-related disease that was expected to decrease the dog's lifespan (cancer, endocrine disorder, e.g, Cushing syndrome and diabetes). They were also excluded when azotemia or electrolytic disorders required a specific medication not allowed in the study design.
Randomization and Allocation
A double-block (strata and sites) randomization was drawn up using 2N software a with 1:1 allocation to maintain similar sample sizes in both treatment groups. At inclusion, investigators described whether the dog fell into 1 of 2 predefined categories, that is, either Stratum 1 or Stratum 2 defined as follows: -Stratum 1: This included animals with ongoing CHF. This encompassed animals presented with a first CHF episode requiring a first prescription of furosemide and those suffering from a deterioration of CHF requiring a dosage adjustment of furosemide. Treatment of animals from Stratum 1 was expected to improve their clinical condition at the end of the study. -Stratum 2: This included animals that had experienced a previous episode of CHF that were stable at the time of inclusion, that is, without clinical and radiographic signs of CHF (pulmonary edema, pleural effusion, or both). Treatment of animals from this stratum was expected at a minimum to maintain their condition.
At inclusion, the clinical investigator assigned the smallest available number to the dog from its randomization block relative to the inclusion stratum. The therapist investigator opened the treatment envelope bearing this number and delivered the corresponding treatment to the dog's owner.
Tested Treatments
All dogs received a loop diuretic either torasemide b (Torasemide group) or furosemide c (Furosemide group) for 3 consecutive months ( Table 2 ). For dogs from Stratum 1 (i.e, presented at baseline with CHF), the initial dose of furosemide was chosen according to the severity of CHF signs, and for dogs randomized in the Torasemide group, the furosemide dosage was converted to torasemide dosage according to Table 2 . For dogs from Stratum 2 (i.e, stable under furosemide treatment at time of inclusion), the dose of furosemide was maintained and was similarly converted to torasemide dosage according to 
Blinding
Double blinding was not possible as the torasemide tablets were easily distinguishable from the furosemide tablets, and were to be given q24h versus q12h for furosemide. To ensure blinding regarding the assigned treatment, dual investigators were used. At each site, 2 investigators, both of whom were veterinarians, intervened in a predefined fashion. The clinical investigator was responsible for inclusion, clinical assessment, and case management throughout the study. The clinical investigator prescribed the theoretical dose of furosemide, and the therapist investigator delivered it to the owner or translated it into a torasemide prescription for dogs belonging to the Furosemide and the Torasemide group, respectively ( Table 2 ). The clinical investigator remained blinded to which treatment was assigned to any included animal. The therapist investigator was responsible for dispensing the study drugs. Owners were instructed not to mention to the clinical investigator the name of the product administered, or the number of times per day the tablet was administered. For all questions related to treatments, the owners were instructed by the clinical investigator to discuss with the therapist investigator. Clinical investigators, study monitors, and the sponsor remained blinded for the whole duration of the studies.
Concomitant Treatments
Standard concomitant therapy for CHF that included ACE inhibitors and pimobendan AE digoxin was permitted throughout the 2 trials, provided that it was already in place at inclusion in the study and that it did not change during the 3-month period of follow-up (except for digoxin). The use of diuretics other than those used in the study, spironolactone, angiotensin II receptor antagonists, calcium channel blockers, nitrate therapy, b-blockers, and type 5 phosphodiesterase inhibitors was forbidden as well as aminoglycosides, cephalosporin, sulfonamide, and corticosteroids (oral or injectable). If one of these treatments was necessary, the animal was withdrawn from the study.
General Protocol Design
As illustrated in Figure 1 , dogs were examined by clinical investigators on at least 5 occasions: Day 0 (D0, inclusion day, initiation of treatment), Day 7 AE 2 days (D7), Day 28 AE 2 days (D28), Day 56 AE 4 days (D56), and Day 84 AE 4 days (D84). If a change in the diuretic treatment dosage was performed, an additional visit was scheduled 7 days later. At each visit (scheduled and additional), dogs underwent a complete physical examination. A composite clinical score was used throughout the 2 studies (Table 3) . Additionally, a modified NYHA classification (Table 1) was used to score CHF severity.
Right lateral and dorsoventral thoracic radiographs were used to investigate cardiomegaly and CHF signs at each visit as well as to exclude concurrent respiratory diseases at inclusion in the study. Clinical investigators were asked to determine whether the pulmonary edema had increased, decreased, disappeared, or had not changed compared to radiographs performed on D0.
Blood was sampled at each study visit for cell blood count, biochemistry (urea, creatinine, ALT, AST, ALP, c-GT, total bilirubin, total proteins), and electrolytes (sodium, potassium, chloride, calcium, phosphorus, magnesium). All blood samples were shipped to a central laboratory.
e The International Renal Interest Society (IRIS) creatinine cutoff values were used to describe the renal status of patients (IRIS stages 1 to 4) over the course of the study. 56 
Analysis of Efficacy and Safety
Treatment success for both studies was defined as clinical improvement (Stratum 1 and Stratum 2) or clinical stabilization (Stratum 2 only) at D84 compared to D0, associated with improvement of (Stratum 1) or persistent absence of (Stratum 2) pulmonary edema on thoracic radiographs as compared to D0. Dogs were considered to have clinically improved if the clinical score decreased between D0 and D84, and were considered as clinically stable if the clinical score was equal to D0's value. Dogs that improved clinically but not radiographically (and vice versa) were considered as treatment failures. All dogs withdrawn from the studies before follow-up completion (Day 84) were considered to be treatment failures. The percentage of dogs with treatment success as defined above was the primary criterion of efficacy and was assessed separately for each study. During the course of the studies, when dogs died spontaneously or were euthanized, the investigator reported the reason for death or euthanasia and specified whether the cause of death was considered to be cardiac or noncardiac. Death was considered to be of cardiac origin if no evidence to support a noncardiac cause of death was identified. A composite cardiac endpoint composed of "spontaneous cardiac death, euthanasia for HF, or CHF class worsening" was used as a secondary efficacy criterion.
Adverse events were also reported by clinical investigators during the course of the studies. Cardiac events were defined as acute onset of pulmonary edema, worsening of cardiac condition (e.g, increased dyspnea despite changes in diuretic dosages), hypotension, syncope, and arrhythmias. Safety was assessed by occurrence of adverse events and changes in IRIS stage, creatinine, and potassium values over the study period.
Data Management
All clinical and dispenser forms were collected from the centers at the end of the studies. Data were double-tabulated into Clintrial software.
f Blinding was maintained during data entry and data auditing. The blind review to determine the inclusion and exclusion of the cases was performed by 2 experienced clinical trial veterinarians. Unblinding was performed by an independent biostatistician.
Statistical Analysis
Given the lack of published studies evaluating the effect of loop diuretics in spontaneous canine CHF, the power calculation was based on a presumptive 70% success rate for furosemide in accordance with the results of a published placebo-controlled clinical trial evaluating the effect of an ACE inhibitor on survival times At each visit, the score obtained for dyspnea, cough frequency, exercise tolerance, and ascites related to hepatic venous congestion was summed to calculate the composite clinical score, based on both physical examination and complete history by the owner, which was used as treatment success assessment. a If ascites was present, maximal abdominal circumference was measured (in cm) and at the following visit, ascites was scored as follows: À1, 0, or 1 if abdominal circumference was less, equal to, or greater than circumference measured at diagnosis, respectively. and clinical signs of dogs with CHF. 57 In this study, 88% of the dogs in the placebo group were rated as improved or not changed concerning the global clinical condition on Day 7 (compared to Day 0) and 65.6% on Day 28 (compared to Day 7). The limit of equivalence between torasemide and furosemide was set at -20%, which represents the acceptable equivalence limit in the case of a bioequivalence study. It was estimated that in each study, 90 evaluable dogs would be required in each treatment group to provide a power of approximately 80% with alpha set at 2.5%.
Statistical analysis of the baseline parameters was performed to test potential differences between treatment groups at treatment initiation in both studies as well as in the overall population. Continuous variables were described as median and interquartile range (IQR), and categorical data were described as frequency and percentage. All continuous baseline variables were compared between groups using a Wilcoxon rank-sum test. For categorical variables, a chi-square test or Fisher's exact test was used. No adjustment was made for multiple comparisons.
As the primary objective of Studies 1 and 2 was to demonstrate that the new product (torasemide) was noninferior to a reference product (furosemide), a noninferiority approach was used to compare the rates of treatment success in each study. The hypothesis of inferiority was defined by H0: P torasemide À P furosemide ≤ À20%. The 95% confidence interval (CI) of the difference between success rates was estimated by the Newcombe method. If the lower bound (a = 2.5% in bilateral situation) of this CI was above the limit of noninferiority of À20%, it was concluded that torasemide was noninferior to furosemide.
The occurrence of the composite cardiac endpoint (secondary efficacy criterion) was compared between the 2 groups of patients by pooling Study 1 and Study 2, as (1) this secondary endpoint was not planned to be investigated when each of the 2 studies was initiated, (2) the collection of data on spontaneous cardiac death, euthanasia for HF, or CHF class worsening was performed identically in the 2 studies, and (3) there is no rationale in studying the occurrence of the composite cardiac endpoint separately in Study 1 and Study 2. The Kaplan-Meier method was used to estimate the time from baseline (i.e, D0) to the occurrence of the composite cardiac endpoint within the first 84 days. The log-rank test was performed to test the difference between survival curves. Dogs that died from a noncardiac death were censored at the date of death. Dogs still alive at D84 were censored at the date of D84. Dogs that were withdrawn due to adverse events or for other reasons were censored at the date of withdrawal.
Univariate Cox proportional hazards models were performed for 30 baseline variables of interest (all baseline variables with the exception of "diuretic pretrial treatment"), to determine which variables were associated with time to the composite cardiac endpoint.
The independent association between the 2 treatment groups with time to the composite cardiac endpoint was assessed using a multivariate Cox proportional hazards model. The final model was obtained using the stepwise procedure. The initial model contained the treatment group variable only; then, it was subjected to a sequential selection-deletion cycle as follows: among all the 30 candidate variables used in the univariate analyses, 1 variable was included into the model if the P-value of its coefficient was lower than 0.20, and 1 variable previously included was finally removed if no longer significant (i.e, P > 0.05). No interaction term was included into the stepwise procedure. The assumption of the proportional hazards was graphically checked for each variable included into the final model and by including a time-dependent interaction (all with a P-value > 0.057).
Chi-square test or Fisher's exact test were used to compare the 2 groups on safety parameters.
The significance level was set at 5% for all these tests except for the primary endpoint (2.5%). All the calculations were performed using SAS/STAT version 9.2. g
Results

Baseline Data
A total of 387 dogs with DMVD and past or current CHF were initially included in the study. -9) . Regarding the whole study population, the most commonly recruited breeds were mixed breed (n = 72), Poodle (n = 53), Yorkshire Terrier (n = 49), and Cavalier King Charles Spaniel (n = 46). All dogs enrolled in the study were ≥5 years of age, with a median age at baseline (i.e, at treatment initiation) of 12.0 years (IQR 10.2-14.0 years). The median body weight was 7.8 kg (IQR 5.4-11.4 kg). All included dogs had a high-grade heart murmur related to DMVD, that is, median grade of 4 (IQR 4-4), as well as an increased LA:Ao ratio (median ratio of 2.0, IQR 1.6-2.3; minimum-maximum 1.5-3.6). Baseline characteristics of the 2 treatment groups are presented in Table 4 . A large majority of dogs (93%) had received cardiac treatment before inclusion. Diuretics were the most common (69%; furosemide, except for 1 dog that only received a combination of spironolactone and altizide h and for 2 other dogs that received this same association in addition to furosemide) followed by ACE inhibitors (47%). At baseline, duration of heart disease was significantly longer for dogs in the Furosemide group (P = 0.038); however, duration of the pretrial treatment, number of dogs with diuretic pretrial treatment, and distribution of pretrial furosemide dosage were similar between the 2 groups. Dogs in the Torasemide group also had a significantly higher dyspnea score at inclusion compared to dogs allocated to the Furosemide group (P = 0.017). All other baseline variables were not significantly different between the 2 treatment groups. Overall, dogs from the Furosemide group received a median furosemide dose of Baseline data from Study 1 and Study 2, separately, were similar to baseline data of the overall population (Table 5) , demonstrating neither clinical nor significant differences between the Torasemide and the Furosemide group regarding the 31 tested parameters in each of the 2 studies.
Treatment Success
At D84, in Study 1, 63% of the torasemide-treated dogs had treatment success versus 55% for the furosemide-treated dogs. Thus, torasemide treatment was noninferior to furosemide with P torasemide À P furosemide = +7% and a 95% CI of [À8%; +22%]. Similar observations were made in the Study 2 (59% and 60 % of treatment success in the Furosemide and the Torasemide group, respectively), with P torasemide À P furosemide = +1%; 95% CI [À12%; +14%].
Composite Cardiac Endpoint (spontaneous cardiac death, euthanasia due to heart failure, or worsening of CHF class)
Of the 366 dogs of the whole study sample, the composite cardiac endpoint (i.e, secondary endpoint) occurred in 59 dogs (24 cardiac deaths and 35 dogs that had a worsening of CHF class; see Table 6 ). Fifty-six dogs were withdrawn from the study before reaching the composite cardiac endpoint or D84. The median follow-up time (IQR) from baseline until either the composite cardiac endpoint or withdrawal was 83 days (56-85 days), providing a total follow-up time of 24,824 dog-days, and resulting in an overall incidence rate of 2.4 events per 1,000 dog-days. The composite cardiac endpoint was reached in a shorter time in the Furosemide group than in the Torasemide group (Fig 2; P-log-rank = 0.0091); the estimated percentages of dogs that presented the composite cardiac endpoint after treatment initiation were 24 and 13, respectively, in the Furosemide and the Torasemide group.
Univariate Cox Proportional Hazards Analyses of the Baseline Variables
The univariate analysis of treatment and of each of the 30 baseline variables assessed individually demonstrated that torasemide was associated with a longer time to the composite cardiac endpoint when compared to furosemide (HR = 0.49; 95% CI 0.29-0.85; P = 0.011). Variables associated with a worse outcome M, male; F, female; MC, male neutered; FC, female neutered; ACE, angiotensin-converting enzyme; NYHA, New York Heart Association; IRIS, International Renal Interest Society; Na, sodium; K, potassium; Cl, chloride. P-values that appear in bold are < 0.05. (Table 7 ) included the following: decreased appetite at baseline (P = 0.0010); syncope (P = 0.0089); heart rate (P = 0.0043); pretrial furosemide prescription at any dose level (P = 0.038), at <4 mg/kg/d (P = 0.021), and at ≥4 mg/kg/d (P = 0.019); and other pretrial treatment prescription (P = 0.037).
Stepwise Multivariate Cox Proportional Hazards Analyses of the Effect of Treatment and Baseline Variables
The stepwise procedure finally selected the following variables to be included in the multivariate model: appetite, heart rate, syncope, and pretrial furosemide prescription. Independently of appetite, heart rate, syncope, and pretrial furosemide prescription, dogs in the Torasemide group remained significantly associated with a longer time to the composite cardiac endpoint within the first 84 days following treatment initiation than dogs in the Furosemide group (adjusted HR [aHR] = 0.47; 95% CI, 0.27-0.82; P = 0.0077). In this multivariate model, appetite, heart rate, syncope, and pretrial furosemide prescription ≥4 mg/kg/d were significantly associated with a shorter time to reach the composite cardiac endpoint (Table 7) .
Safety and Adverse Events
The number of dogs withdrawn from the study before D84 due to clinical events other than cardiac death was overall similar in both treatment groups (Table 8 ). No significant difference in incidence of death (spontaneous and euthanasia) due to renal events was found between the Torasemide (4%) and the Furosemide group (2%; P = 0.22). Likewise, there was no significant difference in events (i.e, cardiac, renal, or electrolyte events) leading to withdrawal between the 2 treatment groups. Other reasons for withdrawal were higher in the Torasemide group (8%) than in the Furosemide group (3%; P = 0.036), although not clinically related to the diuretic treatment. Table 9 depicts all the adverse events reported by clinical investigators over the course of the study. Adverse Table 5 . (72) 45 (59) 99 (66) 65 (62) 64 (58) 129 (60) Female, n (%) 21 (28) 31 (41) 52 (34) 40 (38) 46 (42) 86 ( Table 6 . Numbers of dogs that reached the cardiac composite endpoint ("spontaneous cardiac death, euthanasia for heart failure, and congestive heart failure class worsening") and the component parts of the cardiac composite endpoint.
Treatment group
Torasemide n = 180
Furosemide n = 186
Number of dogs reaching the cardiac endpoint, n (%)
19 (11) 40 (22) Cardiac death a , n (%) 8 (4) 16 (9) CHF class worsening, n (%)
11 (6) 24 (13) CHF, Congestive Heart Failure. a Spontaneous cardiac death or euthanasia for cardiac reasons.
events related to discomfort due to pharmacological expected effects (polyuria-polydipsia, urinary "incontinence," or both, as reported by owners, related to a potent diuretic effect) were significantly more frequent in the Torasemide group (20%) than in the Furosemide group (4%, P < 0.001). Similarly, renal adverse events (ranging from mild increases in renal parameters even if still within the reference ranges to acute renal failure) were significantly more frequent in the Torasemide group (18%) compared to the Furosemide group (4%; P < 0.001). These renal adverse events in the Torasemide group were mainly observed in Study 1 (23% versus 14% in Study 2), which led to the changes in the administered doses as previously described: smaller dose adjustment (0.1 mg/kg/d), possible decrease in dosage to 0.1 mg/kg/ d, and maximal dose of 0.6 mg/kg for Study 2. IRIS stages at D84 were statistically significantly different between the 2 groups (Table 10 ; P = 0.041): IRIS stage I/II was slightly more frequently observed in the Furosemide group (94%) than in the Torasemide group (89%). Serum creatinine levels were higher (P = 0.0015) and serum potassium values were lower (P = 0.0027) in the Torasemide group, although both close to the laboratory reference ranges (Table 10) .
Discussion
Furosemide and newer loop diuretics, such as bumetanide and torasemide, are widely known in human cardiology and commonly included in the therapeutic arsenal of CHF in conjunction with other therapeutic classes. [22] [23] [24] [25] [26] [27] [28] [35] [36] [37] [38] [39] [40] In the ACVIM consensus guidelines for the diagnosis and treatment of canine DMVD, furosemide is the only recommended diuretic agent and consensus was reached to use it as the first-line drug of both acute and chronic ACVIM stage C CHF for hospital-based or home-based therapy. 3 However, current evidence suggests that furosemide and newer loop diuretics are not identical. Such heterogeneity among loop diuretics has been highlighted in trials and meta-analyses in human patients suggesting, for example, a superior efficacy with improved functional status and mortality for torasemide compared to furosemide, [22] [23] [24] [25] [26] [27] [28] [35] [36] [37] [38] [39] [40] recently leading some authors to propose "to revisit alternatives to furosemide." 24 Despite this fundamental and widely accepted role of loop diuretics in the treatment of CHF, there is a paucity of pharmacological and clinical data on this therapeutic class in veterinary cardiology, and little information is available on the clinical use of torasemide in the dog. [18] [19] [20] [47] [48] [49] To the best of our knowledge, the TEST study is the first prospective randomized single-blinded clinical trial designed to comparatively assess the efficacy and safety of 2 loop diuretics, that is, torasemide and furosemide, in the management of CHF in a large canine population including more than 360 dogs with mild-to-severe CHF caused by DMVD.
Benefits of ACE inhibitors, [57] [58] [59] [60] pimobendan, 54,61 and spironolactone 62, 63 in DMVD dogs with CHF have been demonstrated. In all these prospective randomized controlled clinical trials, furosemide was authorized and prescribed in most (66%) to all recruited dogs. 54, 57, 58, 60, 62 The present trial demonstrates that torasemide q24h is noninferior to furosemide q12h when considering a composite clinical score endpoint associated with radiographic confirmation of improvement of (Stratum 1) or persistent absence of (Stratum 2) pulmonary edema as compared to baseline. Further analysis of the results also showed that torasemide was associated with a 2-fold reduction in the risk of reaching the secondary composite cardiac endpoint "spontaneous cardiac death, euthanasia for HF, or CHF class worsening" over a 3-month period, after adjusting for potential confounders. These results offer evidence of efficacy of torasemide for the treatment of canine CHF, with the advantage of a single-daily oral dosage versus a twice-daily administration for furosemide.
Torasemide is a long-acting loop diuretic characterized by a duration of action twice as long as furosemide, with a higher bioavailability. 10, 18, 19 From a practical point of view, these pharmacokinetic properties are of great interest as they allow a single oral administration per day, as chosen in the present protocol design. Dogs with CHF are often prescribed numerous drugs, and decreasing their administration frequency could help to increase owners' compliance, and therefore contribute to the treatment success.
3 Such single-daily administration has already been reported in a small number of dogs, 47 although a twice-daily administration has also been described in a few others. 48, 49 In the present studies, noninferiority was determined using a composite clinical score based on dyspnea, cough, exercise tolerance, and ascites, combined with radiographic assessment of pulmonary edema. Such composite clinical score represents a semiobjective measurement of dogs' response to therapy, based on the dogs with congestive heart failure attributable to degenerative mitral valve disease and treated with either torasemide (n = 180) or furosemide (n = 186). The composite cardiac endpoint was a composite of spontaneous cardiac death, euthanasia for heart failure, and congestive heart failure class worsening. As compared to furosemide, torasemide was associated with a 2-fold reduction in the risk of reaching the endpoint (adjusted HR = 0.47; 95% CI 0.27-0.82; P = 0.0077).
most common clinical signs of CHF assessed by owners and investigators. Additionally, to take into account the wide pleomorphic presentation of dogs in CHF, animals were further allocated into 2 groups (Stratum 1 and Stratum 2), and definition of treatment success was tailored to the presentation at inclusion. Dogs with an ongoing episode of CHF were allocated to Stratum 1, and the aim of the diuretic treatment for those dogs was to improve both clinical and radiographic signs of CHF. Dogs with previous episodes of CHF but stable on their current cardiac therapy were allocated to Stratum 2, and the aim of diuretic treatment for those cases was to maintain the clinical and radiographic signs over time with the possibility of some clinical improvement (e.g, improved exercise tolerance), probably related to decrease in pulmonary arterial hypertension, a common DMVD complication detected even in treated animals. 64, 65 The strict requirement of such dual efficacy criteria provided a more robust and objective assessment of treatment success than the use of 1 single score (either radiographic or clinical), and in these studies, it permitted to conclude that torasemide was noninferior to furosemide.
To determine the impact of the 2 studied loop diuretics on outcome of DMVD dogs with CHF, a secondary efficacy criterion was used. This criterion was a composite cardiac endpoint comprised of cardiac death (spontaneous or euthanasia for cardiac reasons) and worsening of the CHF class. Similar composite criteria have already been used in clinical trials assessing efficacy of cardiac drugs in dogs with CHF related to DMVD. 54, 61, 62 Variables highly suggestive of advanced heart disease and decreased clinical condition (i.e, decreased appetite, heart rate, syncope, and pretrial furosemide prescription ≥4 mg/kg/d) were associated with a shorter time to the composite cardiac endpoint. Conversely, torasemide was associated with a 2-fold reduction in the risk of reaching the endpoint (aHR = 0.47; 95% CI 0.27-0.82; P = 0.0077). These results are similar to those obtained in the TORIC study.
26
In this open-label, nonrandomized, Adverse cardiac events correspond to a worsening of congestive heart failure class severe enough to lead to withdrawal from the study (i.e, 4 of the 35 dogs of Table 6 ).
P-values that appear in bold are < 0.05. Gastrointestinal disorders (e.g, vomiting, diarrhea, anorexia), n (%) 31 (17) 10 (13) 21 (20) 21 (11) 6 (8) 15 (14) 0.10 Respiratory, n (%) 2 (1)
32 (18) 17 (23) 15 (14) 8 ( postmarketing surveillance trial involving 1,337 human patients with NYHA class II-III CHF, patients treated with torasemide had a 51.5% reduction in the risk of death compared to those receiving furosemide or other diuretics. This mortality benefit was associated with a greater functional improvement in NYHA class and a significantly lower incidence of abnormally low serum potassium levels. 26 A meta-analysis of several studies including the TORIC trial also suggested an improved functional status and mortality with torasemide as compared to furosemide, with a higher benefit of quality of life and reduced frequency and duration of CHF-related hospitalizations.
22, [24] [25] [26] [27] [28] It has been proposed that part of this mortality and morbidity benefit over furosemide might be related to the above-mentioned pharmacokinetic differences and also to the pharmacodynamic properties of torasemide. Although not demonstrated in the dog, beyond its action on the thick loop of Henle, torasemide exerts vasodilating and antialdosterone effects, which are both beneficial in hypervolemic states. [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] In vitro and in vivo studies have suggested that torasemide has antialdosterone properties, either by blocking the mineralocorticoid receptor binding of aldosterone 43 (although recent data suggested that torasemide does not act as a mineralocorticoid receptor antagonist) 66 or by inhibition of aldosterone synthase, with these effects being associated with prevention of atrial fibrosis and atrial fibrillation in mice as well as improvement of cardiac function and survival rate in rats with CHF. 42, 44, 45 Whether or not the mechanism underlying the risk reduction of reaching the composite cardiac endpoint observed in the Torasemide group of the present trial is related to an antialdosterone effect remains to be determined by further studies.
In the present studies, clinical investigators were permitted to determine the dosage of furosemide of each included dog at each visit. The therapist investigator was then responsible for converting each furosemide dosage into a torasemide dosage using a conversion table. Based on the published literature, the 1/10 ratio was used in Study 1, 18, 49 and given the increase in renal values for the torasemide-treated group, this ratio was further questioned leading to the second protocol with a lower increment change in torasemide (0.2 mg/kg versus 0.1 mg/kg per day) and the ability to decrease the dosage to 0.1 mg/ kg q24h if needed. A recent study i with a crossover design performed on healthy dogs receiving 0.1 and 0.6 mg/kg torasemide q24h or 5 dosages of furosemide ranging from 0.5 to 40 mg/kg q12h demonstrated that the ratio between furosemide and torasemide is closer to 1/20 when using urine output as the pharmacodynamic endpoint, compared to the previously published and used 1/10 ratio. 18, 49 Based on these recent pharmacological data together with the results of the present trial confirming the potent diuretic effects of torasemide, we therefore recommend starting torasemide at a low dosage (with a 1/ 10-1/20 furosemide ratio) and closely monitoring the patient for clinical signs, renal values, and electrolytes to find the lowest effective dosage with minimal renal effects.
The present trial presents several limitations. The 3-month follow-up period was relatively short, which led to a small number of cardiac events during this time frame. A longer study period would have been of interest to assess the long-term benefit of torasemide compared to furosemide. Dogs from the Furosemide group had been diagnosed with DMVD for a longer duration than those from the Torasemide group. Lastly, dogs from the Torasemide group had a significantly higher dyspnea score at baseline. However, this did not affect the composite clinical score, which was similar between groups at inclusion, and the stepwise multivariate analysis did not show any influence of these baseline differences as an increased risk of reaching the composite cardiac endpoint.
In conclusion, torasemide q24h is an effective diuretic in DMVD dogs with mild-to-severe CHF. Compared to dogs receiving furosemide twice daily, torasemide-treated dogs showed a similar treatment success as a first diuretic treatment or as a replacement of furosemide and were even associated with a decreased risk in reaching the composite cardiac endpoint comprised of cardiac death and worsening of the CHF class. However, given its potent diuretic effects, the lowest effective dosage should always be determined and, as recommended by the ACVIM consensus guidelines, dogs under such diuretic treatment should be closely monitored for renal and electrolyte abnormalities. 3 Further studies are now required to explore the potential beneficial antifibrotic effect of torasemide on dogs with CHF, and its potential benefit over furosemide on long-term survival. Off-label Antimicrobial Declaration: The authors declare no off-label use of antimicrobials.
Footnotes
